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SCOPE 
Th i s  r e p o r t  covers  t h e  work performed dur ing  t h e  per iod December 10, 
1965 t o  January 9 , 1966 on "Polymers f o r  Spacec ra f t  Hardware--Materials 
S p e c i f i c a t i o n s  and Engineer ing Information,  " SRI P r o j e c t  ASD-5046 under  
JPL Contract N o .  950745. 
The primary o b j e c t i v e s  of t h i s  program are t o  assist t h e  Jet Pro- 
pu l s ion  Laboratory of t h e  C a l i f o r n i a  I n s t i t u t e  of Technology i n  the  
development and p repa ra t ion  of polymeric material s p e c i f i c a t i o n s  t o  be 
used i n  connect ion w i t h  JPL spacec ra f t ,  and t o  provide a s tudy  of t h e  
e f f e c t s  of s imulated space environment on s e l e c t e d  commercial polymeric 
products .  The m a t e r i a l s  and products  t o  be s t u d i e d  and t h e  e x t e n t  of 
work t o  be performed are spec i f i ed  by t h e  JPL Cognizant Engineers .  
The program i s  being conducted as two i n t e r r e l a t e d  phases,  running 
concur ren t ly :  The purpose o f  Phase I ,  Polymeric Materials S p e c i f i c a t i o n s  , 
i s  t o  o b t a i n  q u a n t i t a t i v e  va lues  f o r  parameters which may be used t o  as- 
s u r e  t h e  performance of a given batch of  m a t e r i a l  i n  a s p a c e c r a f t  environ-  
ment .  The purpose o f  Phase 11, Engineering Informat ion ,  i s  t o  e s t a b l i s h  
material l i m i t a t i o n s  and t o  obta in  d e t a i l e d  des ign  informat ion .  
S ince  a v a r i e t y  of a c t i v i t i e s  and m a t e r i a l s  are involved i n  t h e  over-  
a l l  program, an o u t l i n e  of the  work performed and contemplated i s  g iven  
a t  t h e  beginning of the  r e p o r t s  f o r  each Phase.  
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PHASE P - FOLYMERIC MATERIALS SPECIFICATIONS 
WORK PERFORMED 
The ma 1 -Vacuum W e  ig  h t -Lo s s De te rmin a t i ons 
S i l i c o n e  Elastomers  
S i l i c o n e  Foamed Rubber 
Acrv l i c -Glas s  F i b e r  Sleeving. 
Epoxy Varnish and So lde r  Pas t e  
Chemical T e s t s  
S 1 l i c o n e  Hydroxyl Content 
Physical T e s t s  
S i l i c o n e  I n f r a r e d  Spec t r a  
S i l i c o n e  Nonvo la t i l e  Mate ri.al 
FUTURE WORK 
Thermal-Vacuum W e  i g h  t LQS s 









Phys ica l  Tes t s  
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WORK PERFQRMED 
Thermal-Vacuum W e  i gh t - lo s s  Determinations 
S i l i c o n e  Elastomers 
The vacuum weight- loss  determinat ions made w i t h  a s t anda rd ized  pro- 
cedure are of t imely i n t e r e s t  s i n c e  they  provide c o r r o b o r a t i v e  d a t a  f o r  
a series of s i l i c o n e  e l a s tomers  which have shown r e l a t i v e l y  s u p e r i o r  
performance i n  mechanical property measurements made du r ing  exposure 
i n  an e q u i v a l e n t  thermal-vacuum environment (engineer ing i n f o r m a t i o n ,  
Phase 11) ; t h e  e l a s tomers  are General E lec t r ic  Company SE-3604, -3613, 
and -3713. 
24 hours  a t  25OoC.) 
Tab les  I ,  11, and 111. Comparison of t hese  d a t a  wi th  those obtained 
p rev ious ly  f o r  a number of polymeric materials i n d i c a t e s  t h a t  t he  sil- 
i cone  e l a s tomers  a r e  cand ida te s  for  space-grade materials, and the  f o l -  
lowing sugges t ions  can be made f o r  weight- loss  requirements (125'C and 
(Samples SE-3613 and -3713 had been s p e c i a l l y  post-cured 
The r e s u l t s  of t hese  de t e rmina t ions  are given i n  
t o r r )  : 
SE-36 13 
SE-3604 
SE -3 7 13 
0.10% & 0.05 a t  48 h r  
0.17% 2 0.05 a t  96 h r  
0.19$ ? 0.05 a t  48 h r  
S i l i c o n e  Foamed Rubber 
A foamed RTV-type s i l i c o n e  rubber,  suggested f o r  use as an a b l a t i o n  
material  has  a lso been checked f o r  vacuum weight- loss .  A block o f  foamed 
RTV-560 (General E l e c t r i c )  w a s  provided by the  JPL Cognizant Engineer ,  
and a specimen w a s  c u t  from t h e  c e n t e r  of t h e  block i n  o r d e r  t o  ensu re  
freedom from contamination by mold release o r  machine t o o l s  used i n  i t s  
f a b r i c a t i o n ;  weight- loss  d a t a  a r e  g iven  i n  Table I V .  As i n d i c a t e d  , t h e  
we igh t - lo s s  of 3.2% i s  i n  the range of a previously t e s t e d  RTV-560 s l a b  
sample which had received only a normal cure ( 3 . 9 $  weight- loss)  . 
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T a b l e  I 




WEIGHT-LOSS DATA FOR SILICONE ELASTOMER, SE-3613* 
(125OC and t o r r )  
s. Wt. J g W t .  Loss, g W t .  Loss, 9% 
3.4211 0.0030 0.09 
3.6081 0.0031 0.09 
3.5784 0.0043 0 .12  
3.3832 0.0035 0.10 
3.5090 0.0036 0.10 
3.4899 0.0036 0.10 
* G e n e r a l  E l e c t r i c  Company; p o s t - c u r e d  a t  250' f o r  24 hours. 
Table I1 
WEIGHT-LOSS DATA FOR SILICONE ELASTOMER , SE-3604* 
(125OC and t o r r )  

























* General E l e c t r i c  Company 
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Table I11 
WEIGHT-LOSS DATA FOR SILICONE ELASTOMER, SE-3713* 


















W t .  Loss, $7 
0 19 
0 .18  
0.20 
0 .19  
0.20 
0.17 
* General E l e c t r i c  Company, post-cured a t  250°C f o r  24 hours. 
Table I V  
WEIGHT-LOSS DATA FOR FOAMED SILICONE RUBBER RTV-560* 
(125OC and t o r r )  
I T i m e ,  H r s .  
I 
s. W t . ,  g 
3.2640 












W t .  Loss, $l 
2.43 
2 .71  
2.70 
2.52 
3 . 4 1  
2.98 
* General E l e c t r i c  Company 
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Acryl ic-Glass  F ibe r  Sleeving 
Weight-loss de te rmina t ions  w e r e  made f o r  two a c r y l i c - r e s i n  t r e a t e d  
g l a s s - f i b e r  s l eev ing  materials used f o r  w i r e  and cab le  i n s u l a t i o n ,  Ben H a r  
Acryl  C-2 and Ben Hhr Acryl A (Grade BAI)  suppl ied  by the  Bent ley-Harr is  
Manufacturing Company. The r e s u l t s  of t hese  de te rmina t ions  are summarized 
i n  Tables  V and V I ,  and sugges t ion  can be made for a weight  loss requi re -  
ment f o r  Ben Har Acryl  C-2 as 0.308 * 0.05 a t  48 hours .  
A (Grade BAI) i s  considered unsu i t ab le  a t  t h i s  t i m e  i n  view of t h e  whi te ,  
powdery coa t ing  (not  i d e n t i f i e d )  which began d e p o s i t i n g  on the  w a l l s  of  
t h e  sample ce l l  wi th in  one-half hour of exposure t o  t h e  thermal-vacuum en- 
vironment.  
The Ben H a r  Acryl 
Table V 
WEIGHT-LOSS DATA FOR BEN HAR ACRYL A-GRADE BAI* 
(125OC and t o r r )  




s. W t . ,  g 
2.4724 
2.4726 


















* Bentley-Harr is  Mfg. CG. 
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Table V I  
WEIGHT-LOSS DATA FOR BEN HAR ACRYI, C-2' 
(125°C and t o r r )  











W t .  Loss, g 
0.0054 0 .24  




0 .28  
0.0078 0.35 
0.0073 I 0.33 
* Bentley-Harr is  Mfg. Co 
Epoxy Varnish and Solder  Paste  
As suggested i n  Monthly Report N o .  18, weight- loss  has  been g r e a t l y  
reduced by extended cu r ing  f o r  Clear Varnish B-276 (Westinghouse E l e c t r i c )  
and Eccobond s o l d e r  56/C9 (Emerson Cuming, I n c .  ) . The cu r ing  t i m e  o f  4 
hours  a t  room temperature  p lus  one hour a t  165OC f o r  B-276 w a s  a l t e r e d  t o  
inc lude  16 hours (overn ight )  a t  165OC; t h e  recommended cure  of  2 hours  a t  
50°C f o r  56/C9 w a s  extended t o  16  hours (overn ight )  a t  5OoC. 
weight- loss  of  both m a t e r i a l s  previously had l e v e l l e d  o f f  a t  about 48 
hours  ( i n d i c a t i n g ,  perhaps,  e a r l y  r e l ease  of h igh ly -vo la t i l e  material)  , 
t h e i r  weight- losses  w e r e  determined on ly  a f t e r  48 hours i n  t h e  thermal- 
vacuum environment subsequent t o  extended cu r ing .  Comparative weight- 
loss d a t a  are given below: 
S ince  t h e  
Recommended 
Cure Post  -cure 
C l e a r  Varnish B-276 
Eccobond So lde r  56/C9 
( C a t a l y s t  NO. 9 )  
2.51% ( a v . )  




Chemical T e s t s  
Sample Nonvo la t i l e  Content ,  wt. -% 
RTV- 11 98.57-98.58 
RTV-60 99.20-99 ~ 23 
RTV-560 98.25-98.47 
RTV-6 15 99.66-99.78 




Work i s  i n  progress  on the  e v a l u a t i o n  of a s u i t a b l e  s p e c i f i c a t i o n s  
tes t  procedure f o r  t he  de te rmina t ion  of t h e  hydroxyl con ten t  of  RTV-type 
s i l i c o n e  base m a t e r i a l s .  Representa t ive  rr,ateri?l s being  examined are 
RTV-11, -60, -560, and -615, suppl ied  by t h e  General  E l e c t r i c  Company. 
Phys ica l  T e s t s  
S i l i c o n e  In f r a red  Spec t r a  
In f r a red  absorbance curves  have been prepared f o r  f i l m s  of RTV-type 
s i l i c o n e  base m a t e r i a l s  i n  o r d e r  t o  provide t y p i c a l  s p e c t r a  for s p e c i f i -  
c a t i o n s  purposes.  Curves f o r  RTV-11, -60, -560, and -615 have been sub- 
mi t t ed  t o  t h e  JPL Cognizant Engineer;  t h e  f i l m s  were prepared by evapo- 
r a t i n g  chloroform e x t r a c t s  of  t h e  s i l i c o n e  base  materials on o p t i c a l  s a l t  
f l a t s .  
S i l i c o n e  Nonvola t i le  Material 
The nonvo la t i l e  c o n t e n t s  o f  t he  s i l i c o n e  bases  were determined i n  
accordance wi th  ASTM Method D 1259-61(B), i . e . ,  d ry ing  r e s i n  f i l m s  on 
aluminum f o i l  i n  a forced- .draf t  oven a t  105OC; however, i t  w a s  found t h a t  
b e t t e r  r e p r o d u c i b i l i t y  of  r e s u l t s  was ob ta ined  i f  t h e  samples were cooled 
i n  a d e s i c c a t o r ,  r a t h e r  t han  simply c o o l i n g  i n  air and weighing qu ick ly  
as spec i f i ed  i n  t h e  ASTM method. R e s u l t s  of t h e s e  de t e rmina t ions  are 
given i n  Table VHY. 
"General E l e c t r i c  Company 
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FUTURE WORK 
Thermal-Vacuum Weight Loss 
Vacuum weight - loss  de te rmina t ions  v i a  s t anda rd ized  procedure w i l l  
be made on a cont inuing  b a s i s  i n  o r d e r  t o  e s t a b l i s h  l i m i t a t i o n s  f o r  spec- 
i f i c a t i o n s  requirements  f o r  v a r i o u s  polymeric m a t e r i a l s .  Included dur ing  
t h e  next  working per iod w i l l  be two Lexans f o r  co r robora t ion  o f  Phase TI 
d a t a ,  and a r epea t  of Eccobond 56C, us ing  c a t a l y s t  No. 11 which i s  rec- 
ommended f o r  optimum high-temperature p r o p e r t i e s .  
Chemical T e s t s  
Determinat ions of phys i ca l  and chemical p r o p e r t i e s  of polymers w i l l  
be cont inued as requi red  f o r  i nco rpora t ion  i n t o  s p e c i f i c a t i o n s  r equ i r e -  
ments and test procedures .  Se l ec t ion  of the  procedure f o r  hydroxyl con- 
t e n t  of RTV-type s i l i c o n e s  w i l l  be completed,  and work w i l l  commence on 
procedures  and de te rmina t ions  f o r  t he  RTV c a t a l y s t ,  T-12. 
Physical  T e s t s  
It  i s  a n t i c i p a t e d  t h a t  work w i l l  be completed on the  e v a l u a t i o n  of 
procedures  f o r  de t e rmina t ion  of v i s c o s i t y  of the  RTV-type s i l i c o n e s .  
Work w i l l  be i n i t i a t e d  on the  p repa ra t ion  of ASTM s l a b s  of t hese  s i l i -  
cones f o r  hardness ,  d e n s i t y ,  and t e n s i l e  s t r e n g t h  t e s t s .  
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PHASE I1 - ENGINEERING INFORMATION 
WORK PERFORMED 
'Volatile Condensable Material (VCM) 
Mic ro-VCM 
Mechanical Properties 
Stress Relaxation T e s t s  












V o l a t i l e  Condensable Material (VCM) 
I n  o r d e r  t o  s i m p l i f y  nomenclature and r e fe rence ,  rapid-maximum- 
VCM w i l l  be c a l l e d  micro-VCM; d i s t i n c t i o n  between VCM and micro-VCM 
m a l  :-e made as fo l lows:  
VCM Micro -VCM 
Sample s i z e  up t o  1-in.  cube 
VCM value w t  per u n i t  area, 
l eng th ,  e tc .  
Thermal-vacuum 24,  48, 96, and 
exposure 330 h r  
Purpose e s t a b l i s h  curves  f o r  
VCM depos i t i on  and re- 
moval w i t h  t i m e  
m i l l i g r a m s  
w t  pe r  w t  of  sample 
24 h r  
screening;  estimate 
maximum VCM va lues  
Micro-VCM 
Component p a r t s  have been completed and assembled f o r  the  micro-VCM 
u n i t ,  and e l ec t r i ca l  and coo lan t  connectors  have been a f f i x e d .  The u n i t  
has  been mounted i n  p lace  i n  o rde r  t o  determine appropr i a t e  va lues  f o r  
power input  and optimum l o c a t i o n s  of thermocouples and coo lan t  l i n e s .  
Mechanic a1 P r o p e r t i e s  
S t r e s s  Relaxat ion T e s t s  
Approximately 824 hours  of exposure t o  t h e  thermal-vacuum environ-  
ment of 125'C and t o r r  have been logged as of January 9, 1966, f o r  
the  i n  s i t u  mechanical proper ty  measurements of SE-3613, SE-3713, and 
Lexan. A pre l iminary  comparison w i t h  p rev ious  da ta  from tests of  SE-3604 
i n d i c a t e s  t h a t  the behavior  of SE-3613 i s  about  equ iva len t  t o  t h a t  of 
SE-3604, and t h a t  SE-3713 e x h i b i t s  a more ex tens ive  inc rease  of  stress i n  
-- 
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t he  i n t e r m i t t e n t  tests.  A t  t h i s  prel iminary stage, n e i t h e r  composition 
appears  t o  be s u p e r i o r  t o  SE-3604, a t  least i n s o f a r  as mechanical be- 
h a v i o r  i s  concerned. One of fou r  Lexan specimens, which are being s t o r e d  
under a cons t an t  load of 600 p s i ,  has broken; a l l  specimens have e longa ted  
more than lo$, i n d i c a t i n g  t h a t  600 p s i  i s  l i k e l y  t o  be excess ive  i n  a 
s t r u c t u r a l  a p p l i c a t i o n .  I t  appears a t  t h e  p re sen t  t i m e  t h a t  Wxan w i l l  
no t  be u s e f u l  a t  temperatures  of the  o r d e r  of 125 'C.  
Eight-Month Storage T e s t s  
The assemblies  cons t ruc t ed  f o r  observing polymeric materials under 
c o n s t a n t  s t r a i n  du r ing  an 8-month exposure t o  a thermal-vacuum environ- 
ment (125'C and < IO-" t o r r )  are detailed i n  F igu res  1 t o  4 .  
shows t h e  b a s i c  s t r u c t u r e  and the suppor t s  on which e l a s tomer i c  m a t e r i a l s  
(sample r i n g s )  can be placed a t  c a l c u l a t e d  s t r a i n s .  
Figure 1 
I n  Figure 2 ,  the  g l a s s  c y l i n d e r  heater i s  shown around the  basic 
s t r u c t u r e .  The g l a s s  has been coated a t  SRI w i t h  a bismuth oxide-gold- 
bismuth oxide laminate;  a t  i n t e r v a l s ,  cu r ren t - ca r ry ing  copper w i r e s  have 
been a f f i x e d  t o  conducting s i l v e r  p a i n t  which is depos i t ed  under and over  
t h e  laminate;  a f t e r  d e p o s i t i o n  of the laminate over i n i t i a l  bands of sil- 
v e r  p a i n t ,  the assembly w a s  annealed a t  4OO0C, and then the f i n a l  bands 
of s i l v e r  p a i n t  were a p p l i e d .  The gold l a y e r  i s  of t he  order of 90-100 fi  
i n  t h i ckness .  A s  shown i n  Figure 2, c lear  v i s i b i l i t y  is  provided through 
t h e  he a te  r . 
The be l l - tube  (vacuum chamber) f o r  each u n i t  5s shown i n  p l ace  i n  
F igu re  3, and an assembly of fou r  u n i t s  i s  shown i n  Figure 4 ,  Aluminum 
s h i e l d s  se rve  a d u a l  purpose,  i . e . ,  maintenance o f  thermal equ i l ib r ium 
and p r o t e c t i o n  from r a d i z t i o n  ( f l u o r e s c e n t  f i x t u r e s ) .  Each u n i t  has a 
s e p a r a t e  h e a t i n g  c o n t r o l  ~ t h ree -pos i t i on  thermocouple read-out and vac- 
uum system. The thermocouple beads are i n s e r t e d  i n  p i e c e s  of t he  same 
e l a s tomer  as being tested; thus ,  t he  observed temperatures  a t  d i f f e r e n t  
l o c a t i o n s  w i t h i n  t h e  u n i t  i s  r e p r e s e n t a t i v e  of t h e  temperature of the  
materials under tes t .  
12 




FIG. 2 VIEW OF CONSTANT STRAIN APPARATUS WITHIN GLASS CYLINDER HEATER 
14 
irr m w 
TA-5046-42 
FIG.3 VIEW OF CONSTANT STRAIN APPARATUS AND GLASS CYLINDER HEATER 
WITHIN BELL-TUGE (Vacuum Chamber) 
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FIG. 4 PHOTOGRAPH OF TOTAL ASSEMBLY FOR 8-MONTH THERMAL-VACUUM TESTS OF SELECTED 
POLYMER IC MATERIALS 
16 
Three u n i t s  were loaded w i t h  s l a s tomers  SE-3604? Viton A-441lA-990, 
and Hycar-520-67-108-1 (Hycar-I) a t  va r ious  s t r a i n s .  Rings o f  each ma-  
t e r i a l  w e r e  s t r e t c h e d  a t  room temperature between suppor t  p ins  t o  the  
largest s t r a i n s  which  could be sus t a ined .  I n  most i n s t a n c e s ,  f o u r  r i n g s  
were placed a t  each l e v e l  of s t r ; in ,  and a t  l e a s t  f o u r  rings w e r e  s t o r e d  
uns t r a ined  as c o n t r o l s  I n  each u n i t .  Only one e l a s tomer  s p e c i e s  w a s  used 
f o r  each u n i t  i n  o r d e r  t o  prevent cross-contaminat ion by v o l a t i l i z e d  sub- 
s t ance s .  
A t  s t a r t - u p ,  each u n i t  was evacuated t o  less than lom3 t o r r  w i t h  a 
mechanical pump, and then i t a  ion  pump (Varian,  15 liter/sec) w a s  turned 
on. When a p res su re  of less than lo-' t o r r  was i n d i c a t e d ,  each  u n i t  w a s  
permanently sea l ed  off  by crimping the  f o r e  pump l i n e .  Then the tempera- 
t u r e  of  the  u n i t s  was raised g radua l ly  as descr ibed  below, 
Prel iminary outgass ing  of the  materials w a s  accomplished a t  about 
40°C f o r  about 175 hours ,  dur ing  which t i m e  the pressure  was less than  
lo-' to r r .  Approximately 10 hours w e r e  requi red  t o  raise the tempera- 
t u r e  from 40°C t o  125°C; the  pressure  d i d  no t  exceed 
t h a t  per iod.  Storage t i m e  i s  computed from the  approximate time of  f irst  
exposure t o  125"C, which wss a t  about 6:OO P.M. on December 2 7 ,  1965. 
From 0 t o  50 hours ,  the pressure  was less than 10'" t o r r ;  from 50 t o  150 
hours ,  the  pressure  had decrehsed t o  less than t o r r .  Pre l iminary  
data  on the  8-month tests are summarized i n  Table  V I I .  
t o r r  durin? 
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Table VI1 
PREIIMIKARY DATA FOR EICHT-MONTH STORAGE TESTS 
Mat e ri a l 
SE-3604 
(General 




Approx. S t r a i n ,  
i n / i n  
Hycar-1 

























Vola t i l e  Condensable Mate r i a l  
Check-out and prel iminary runs w i l l  be made w i t h  t h e  micro-VCM u n i t .  
I n i t i a l  samples w i l l  i nc lude  s e v e r a l  materials f o r  which VCM data a l r eady  
have been established a t  SRI on a macro s c a l e  and s e v e r a l  polymers of cu r -  
r e n t  i n t e r e s t  i n  both Phases o f  t h i s  program. 
Work w i l l  be resumed on the  assembly of the  clam-shel l  u n i t s  which 
w i l l  be used f o r  e s t a b l i s h i n g  VCM data.  I n v e s t i g a t i o n s  are being made 
i n t o  t h e  a v a i l a b i l i t y  from JPL of a vacuum system of s u f f i c i e n t  size t o  
accomodate 12 c lam-shel l  u n i t s  
Wchanica l  P r o p e r t i e s  
Work w i l l  con t inue  on t h e  measurements of stress r e l a x a t i o n  changes 
f o r  selected polymers du r ing  their  exposure t o  a thermal-vacuum environ- 
ment. 
w i l l  be i n i t i a t e d  on a new set of materials as c.nnf+rm=l hy +he JPL ccg 
n i z a n t  Engineer .  
The p re sen t  run (see Work Performed) w i l l  be completed and work 
Regular obse rva t ions  w i l l  be made of t h e  s t a t u s  of t he  e l a s tomers  
which are s t o r e d  under c o n s t a n t  s t r a i n  f o r  8 months. I t  i s  a n t i c i p a t e d  
t h a t  detailed drawings f o r  these u n i t s  w i l l  be a v a i l a b l e  f o r  t h e  nex t  
r e p o r t .  Work w i l l  commence on the f a b r i c a t i o n  of a constant- load device 
t o  be accommodated i n  the  4 t h  u n i t ;  t he  p l a s t i c  t o  be tested has n o t  y e t  
been selected . 
Physical  Prope rt ie  s 
Work w i l l  con t inue  on the  s p e c t r a l  s t u d i e s  of polymeric materials 
which have been exposed t o  the  thermal-vacuum environment. Every at tempt  
w i l l  be made t o  complete the  mass spec t romet r i c  i d e n t i f i c a t i o n  of the 4 
t o  6 substances evolved from a series of Lexans (po lyca rbona te s ) .  V a r -  
i o u s  in s t rumen ta l  d i f f i c u l t i e s  have delayed the examination of polymers 
i n  the f a r  i n f r a r e d ;  i t  i s  hoped t h a t  these w i l l  be overcome s h o r t l y .  
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